Breakpoint cluster region-Abelson murine leukemia (BCR-ABL) inhibitors markedly improve the prognosis of chronic myeloid leukemia. However, high treatment adherence is necessary for successful treatment with BCR-ABL inhibitors. Therefore, an adequate understanding of the adverse event profiles of BCR-ABL inhibitors is essential. Although many adverse events are observed in trials, an accurate identification of adverse events based only on clinical trial results is difficult because of strict entry criteria or limited follow-up durations. In particular, BCR-ABL inhibitor-induced impaired glucose metabolism remains controversial. Pharmacovigilance evaluations using spontaneous reporting systems are useful for analyzing drug-related adverse events in clinical settings. Therefore, we conducted signal detection analyses for BCR-ABL inhibitor-induced impaired glucose metabolism by using the FDA Adverse Event Reporting System (FAERS) and Japanese Adverse Drug Event Report (JADER) database. Signals for an increased reporting rate of impaired glucose metabolism were detected only for nilotinib use, whereas these signals were not detected for other BCR-ABL inhibitors. Subgroup analyses showed a clearly increased nilotinib-associated reporting rate of impaired glucose metabolism in male and younger patients. Although FAERS-and JADER-based signal detection analyses cannot determine causality perfectly, our study suggests the effects on glucose metabolism are different between BCR-ABL inhibitors and provides useful information for the selection of appropriate BCR-ABL inhibitors.
| INTRODUCTION
Chronic myeloid leukemia (CML) is a clonal stem cell neoplasm characterized by the presence of the Philadelphia (Ph) chromosome. 1 The Ph chromosome produces the breakpoint cluster region-Abelson murine leukemia (BCR-ABL) fusion protein, which dysregulates tyrosine kinase activity and induces uncontrolled proliferation of the granulocyte lineage. Imatinib, nilotinib, dasatinib, bosutinib, and ponatinib are tyrosine kinase inhibitors that inhibit the activity of the BCR-ABL fusion protein. These BCR-ABL inhibitors have been reported to improve markedly the prognosis of CML. [2] [3] [4] [5] [6] However, maintaining high therapeutic adherence is necessary to obtain the maximum therapeutic effect with BCR-ABL inhibitors. 7 For instance, an adequate blood concentration of imatinib is necessary to obtain the maximum therapeutic effect. 8 However, adverse events induced by BCR-ABL inhibitors decrease therapeutic adherence. Therefore, a good understanding of the adverse event profile of BCR-ABL inhibitors is essential for successful CML treatment.
Adverse events related to a class effect or a drug effect of BCR-ABL inhibitors have been observed in clinical trials. Cardiovascular toxicity was reported as a common adverse event induced by all BCR-ABL inhibitors, 9 while impaired glucose metabolism was reported in cases of nilotinib use. [10] [11] [12] Impaired glucose metabolism increases the risk of cardiovascular events and limits the patients who can receive nilotinib treatment. Furthermore, these adverse events decrease patient adherence to BCR-ABL inhibitors. However, there have been no reports related to impaired glucose metabolism caused by imatinib or dasatinib. Imatinib, in fact, has been reported to facilitate the recovery of glucose metabolism. [13] [14] [15] However, because these findings were reported in case reports or studies with low reliability, the effects of BCR-ABL inhibitors on glucose metabolism remain controversial, and there is no choice but to treat this adverse event empirically. Therefore, it is important to understand this adverse event induced by BCR-ABL inhibitors to promote their proper use. Several studies have indicated that the safety data provided by clinical trials do not reflect data from real clinical settings because of strict entry criteria or limited follow-up durations. 9 The long-term follow-up data, including the data of patients with various comorbidities in real clinical settings, are essential for understanding the accurate impact of BCR-ABL inhibitors on glucose metabolism. However, these analyses were rarely conducted and the detailed characteristics of this adverse event remain unclear.
In recent years, spontaneous reporting systems (SRS) reflecting data from actual clinical practice have been used to evaluate drug safety. The US Food and Drug Administration (FDA) manages the FDA Adverse Event Reporting System (FAERS), which has registered more than three million spontaneous reports of adverse events and is the largest SRS database in the world. 16 In Japan, the Pharmaceuticals and Medical Devices Agency (PMDA) manages the Japanese Adverse Drug Event Report (JADER) database, which has registered approximately 300 000 spontaneous reports of adverse events. 17 These databases are publically available and reflect full adverse event profiles in real clinical settings. Therefore, these databases are used in pharmacovigilance analyses and are useful for evaluating the risk of adverse events reflected in real clinical settings.
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The aim of this study was to analyze the relationship between BCR-ABL inhibitors and impaired glucose metabolism using FAERS and the JADER database. We also evaluated the characteristics of impaired glucose metabolism induced by BCR-ABL inhibitors.
| MATERIAL AND METHODS

| Database source
Adverse event reports were downloaded from the FDA and PMDA websites. 22, 23 JADER data until May 2017, which are publicly available on the PMDA website, were used. For FAERS analysis, data from the third quarter of 2010 to the second quarter of 2015 were used. Because FAERS includes duplicate reports, only the latest report of a patient was used for analysis according to the recommendation of the FDA. 24 Only reports with complete age and sex information were extracted. Furthermore, we analyzed reports with patient ages greater than 20 years in this analysis. Supplemental analysis using all reports was also performed. Reporting odds ratios (RORs) were used for evaluating signal detection. Each case was divided into four groups based on whether "Impaired glucose metabolism" developed and whether a BCR-ABL inhibitor was used. Namely, there were (n11) cases who used a BCR-ABL inhibitor and reported as "Impaired glucose metabolism," (n12) cases who used a BCR-ABL inhibitor and did not report as "Impaired glucose metabolism," (n21) cases who did not use a BCR-ABL inhibitor and reported as "Impaired glucose metabolism," and (n22) cases who did not use a BCR-ABL inhibitor and did not report as "Impaired glucose metabolism." The ROR and 95% confidence interval (CI) were calculated by the following formula.
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A signal was considered detected when the lower limit of the 95% CI of the ROR exceeded one. In the subgroup analysis in JADER, reports were analyzed as 10-year ROR = n11/n21 n12/n22 , 95% CI = exp{log (ROR)
±1.96
subgroups because age was described in 10-year increments. Additionally, time-onset analysis was performed using the drug administration start date and the adverse event occurrence date included in the JADER database. The downloaded data were processed using Microsoft Access 2016® (Microsoft, Redmond, WA). All data analyses were performed in more than two independent experiments.
| Outcomes
In JADER and FAERS, the descriptions of adverse event names conform to the Medical Dictionary for Regulatory Activities (MedDRA) developed by the International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH). Therefore, the adverse events that were defined using MedDRA conformed to the adverse event names in our study. Impaired glucose metabolism is defined by 113 preferred terms that were included in the standardized MedDRA queries "hyperglycemia/new onset diabetes mellitus" (SMQ 20000041).
| Statistical analysis
Categorical variables are summarized in terms of frequencies and percentages. The Fisher exact test was used to compare the frequency of adverse events in the presence or absence of BCR-ABL inhibitors. Days from the administration of nilotinib to the onset of impaired glucose metabolism in nilotinib-administered patients were analyzed by the Kaplan-Meier method. The analyses were performed using R statistical software version 3.3.2. Statistical significance was defined as a P-value <0.05.
| RESULTS
| Reporting rate of impaired glucose metabolism reported in FAERS and the JADER database
In FAERS, 572, 306, 514, 42, and 114 cases of impaired glucose metabolism associated with imatinib, dasatinib, nilotinib, bosutinib, and ponatinib, respectively, were reported ( 
| Time-onset analysis of impaired glucose metabolism using the JADER database
The time-onset analysis showed that the reports of impaired glucose metabolism induced by nilotinib increased within 200 days. However, late-onset events beyond 600 days were also reported ( Figure 1 ).
| DISCUSSION
Our analyses using FAERS and the JADER database revealed that signals for an increased reporting rate were detected only for nilotinib. These signals were clearly detected in male or younger patients. However, these signals were not detected for other BCR-ABL inhibitors. Our study showed the relationship between nilotinib and the increased reporting rate of impaired glucose metabolism. However, the mechanism of impaired glucose 25, 26 However, because only a few studies have referred to this phenomenon, the increase in the risk of impaired glucose metabolism induced by nilotinib was evaluated empirically herein. Signals of increased reporting rate were detected for nilotinib in the analysis comprising all patient reports in FAERS, and this trend was also observed in the analysis based on the JADER database (Table S1 ). Therefore, this result is considered valid. Follow-up analysis for 5 years in the patients who received nilotinib or imatinib revealed that increased glucose levels were clearly observed in nilotinib-treated patients, which is consistent with our results. 27 To our knowledge, this study
T A B L E 2 Effect of sex on impaired glucose metabolism reported in FAERS and the JADER database
is the first to demonstrate the relationship between nilotinib and increased risk of impaired glucose metabolism. A reduction in the risk of cardiovascular events is necessary to maintain the quality of life during CML treatment. 28 Our study suggests avoiding nilotinib treatment for patients with diabetes or other diseases that increase the risk of cardiovascular events. The time-onset analysis revealed that impaired glucose metabolism induced by nilotinib was reported at more than a year. This result highlights the importance of continuous monitoring of blood glucose levels during nilotinib treatment. The subgroup analyses revealed that the signals of increased reporting rate of impaired glucose metabolism induced by nilotinib were clearly detected in male or younger patients. BCR-ABL inhibitor treatment lasts a lifetime. Therefore, it may be better to avoid nilotinib treatment in younger patients with a high risk of diabetes mellitus. Decreased adherence to BCR-ABL inhibitor treatment commonly occurs. 29 Although age and sex were reported as the factors for limiting adherence, adverse events induced by BCR-ABL inhibitors also decrease adherence. 30 Early detection of adverse events and adequate supportive care is useful to improve adherence. Moreover, Leader et al 31 reported that multidisciplinary intervention improved the adherence to BCR-ABL inhibitors. Our studies provide useful information for conducting optimal supportive care to improve this adherence.
There are some limitations associated with FAERS and the JADER database because these databases are reporting systems for spontaneous adverse events. Data from these databases were collected from various clinical settings wherein adverse event reporting was voluntary. Therefore, these databases might include duplicate data. 32 We excluded duplicate data according to the recommendation of the FDA. In addition to the possibility of an over-reporting bias, an under-reporting bias, due to nonreporting of adverse events by health care workers, exists. 32 It is known that spontaneous adverse event reports tend to increase after drug safety alerts or publications, which is called notoriety bias. 33 Considering these reporting biases, caution should be exercised when interpreting results obtained from only one SRS database. In our study, we used two SRS databases, FAERS and the JADER database, to overcome reporting biases and increase the reliability of our results. FAERS is one of the largest SRS databases in the world and is suitable for analyzing the risk detection of adverse events induced by medications, owing to the large number of reports. However, this database does not include detailed data pertaining to adverse events, such as durations of medication administration and patient characteristics. In contrast, the JADER database contains detailed patient characteristics and adverse events, although the number of reports is lower than that in FAERS because the JADER database contains data from only Japanese patients. Our results have high reliability because the same results were obtained from two databases. Although we recognize the limitations associated with SRS, our study provides useful evidence showing differences in the effects on impaired glucose metabolism between BCR-ABL inhibitors. We used RORs to detect signals of risk increase or decrease. In data mining analyses, proportional reporting ratios (PRR) and multi-item gamma Poisson Shrinker (MGPS) are used for signal detection algorithms. 9, 32 Although all algorithms showed high specificity, each algorithm showed different sensitivity. 34 The detection sensitivity of MGPS is 26%, and we should consider overlooking risk when using MGPS-based algorithms. On the contrary, ROR and PRR have high sensitivity. Especially, ROR is usually used in signal detection algorithms due to its simplicity. 17, 21, 24 However, ROR-based algorithms have the disadvantage of decreased detection power when the number of adverse event reports is small. The number of reports of impaired glucose metabolism related to BCR-ABL inhibitors was not small, and it was reasonable to use ROR in signal detection in our study. A high ROR indicates an increase in the risk of an adverse event report, not an increase in the risk of development of adverse events. Therefore, we are aware that an increased ROR only offers a rough indication of signal strength. Despite the inherent limitations of signal detection using SRS databases, our results regarding the differences in the effects on impaired glucose metabolism between BCR-ABL inhibitors are in agreement with the results of previous studies. Thus, our study provides beneficial information for the management of adverse events induced by BCR-ABL inhibitors.
| CONCLUSION
Our study using FAERS and the JADER database revealed that the use of nilotinib increased the reporting rate of impaired glucose metabolism, whereas other BCR-ABL inhibitors did not increase reports of this adverse event. This finding indicated that only nilotinib increased the risk of impaired glucose tolerance and that adverse events might be drug effects of nilotinib and not class effects of BCR-ABL inhibitors. Although further analyses are required to confirm these findings, our results indicated differences in the effect on glucose metabolism between BCR-ABL inhibitors and that careful monitoring of glucose levels is necessary among nilotinib-treated patients.
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